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INTRODUCTION

There is increasing inlerest
processing plant performance. In a.ny
visccsity influences planL performance

in the effecI of' viscosit,y on mineral
process involving fine particle slurries
eiuher beneficially or adversley.

In general Lhe viscosi[y wi]l depend on:

(a) Solids concentration (pulp density)
(b) ore Lype
(c) Partiele size
(d) Chemical environment
(e) Previous flow hisuory

Generally c, d and e are def errnined by [he part,icular prCIcess and remain
essentially eonsLant from day f,o day. If t,he ore type also remaine eonstant
[he viscosit,y ciepends sole1y on uhe pulp density. If t,his is the case the
viscosity is effeetively monitored by the pulp density and 'Lhere is no need
for a special instrurnenl" However, if fhe ore t,ype changes f'rorn day co day or
week to week, viscosiLy will change even thouqh fhe pulp density remains
ccnstant. In chis case the changes in ore type and lrence viseosiLy can upseL
rhe control of Lhe process. An independant means of monitoring viscosit,y may
tiien be desirable.

Viscosiuy also beconies of imporLance when t,he ore body is such t,hra[ Lhe
viscoslty aL typical Brocessing pulp densities is too high and affecLs planl
performance. In t'his case the use of t,hinning additives may be helpful and
Ehe addition rate of such addifives shouIC ire controlled by viseosS-t,y
measurernenL.

Similarfy if a plant is being pushed t,o its capaci[y viscosit,y ef fects r,ri-I1
generally be t'he lirnit,ing fact,or. Thlnners may Lhen once again be helpful.

Proeessing steps r+hieh are influeneed by viscosiry are:

Grlnding
Scneening
elassifying
Thiekentng
Agltat,lon
Leaehl ng
P-uffip'iriS
Tallifigs disposal

Tfris iiaper i ill give a brief inbroducLlon to viscoslry fundamentals and chencoh$ldei; in tuiri its influence CIn bhe above procersing steps. Finally me&nsmf rhsnnnr.*ng irieeosrey t*LlI be conside;;;: 
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RHEOLOGY F'UNDAMENTALS

FIuid flow basically involves a shearinq process between layers of
fluids. For exarinple, in pipe flow Lhe flluid aL the pipe wal"I is sLaLionary
t+hilst the fluid at the cenLre of the pipe is moving ai Lhe greaLesL veloci.uy.
Thus there is a velociry gradient aeross the pip,e wit,h consequent, shearing
acticn between eoncentric layers of fluid $ee Fig. l.

This shearing ac[ion resul[s i,n a shear slress (force per unif area) at Ehe
pipe wall whieh resisls the applied pressure. The balance beLween [he Lwo
forces delermines Ihe f]ow rate.

Sir Isaac Npwton discovererJ bhat for rnany common f lUirls, e. q.
sLress (f ) was directly proporlional Lr: t,he velocity qradient,
(F). He termed the consf,ant of proporLionality fhe viscosiLy
a [Iewtaniar: fluid

waLer, the shear
or shenr raLe

{1 ). Thus for

T ,I.

Tt
where L ru constanE for a given te,mperaLure
to saying

where APIL is ihe pressure gradient, and &
iank it is equiva)"enc fo sayinq

-( 1)

F.:r pipe flcw this is equivalent,

(2\\:/

is the f'low rate

/ ^\\ J]

In an agiLaLed

Tnese equaLions only apply ac low shear rat.es or velociLies and high
viscosities where Lhe flow is termed lanninar, i.€. the fluid ie moving as tf
plates of flutds, oP laminasr are sliding across each other. At htgh
velocities or low viscosittes inst,ahiliLies due bo fluid inertia oeeur and f,he
fLow becomes turbulenf,. The flow is nc longer srnooth bub consists of violent
eddying motion. Under most conditions waten flows in a LurbulenL rflanner.
Thus t,he sLream of waLer flowing out of a hose has a rough surface appearanee
due to the eddying mot,ion. In cont,rast t,he flor,l of say a mof,or oil ouL of atj-n has a srnooEh glossy appearance which is charaeteris[ic ol lanninar flor,+,
MinenaL pulps flowing at low densi[ies uril]. general).y exhibit, a rough surfaceappearance indlealing burbulent flcw, whereas af hiqh densiiies a sinoothsurface appearance r"rirr indica[e raminar flow.

The above equations epply uo a NewLanian fluic. Mineral slurries cannot inqenerai be classed as Newfanian i.e. t,he viscosiLy is not constant, br:t, isitself dependant, on the shear naLe. consider Fiq, 2, For a Newlanian fluideeila!|ons 'tr t 2 and 3 infer a straiqht line relat,ionship starling frorn theoiigiij as SncilCnr The slope of bhe line is propcrLional to t,he viseosiby.Mlneral slunries generally u*niuii [er,*viour similar Lo that designat,ed *non-
t'lewt'anianit on rigl 2, Oq" threse srr.rrrles the shear s1ress nusf, exeeed a
1erta11 ]if19td stress'r, fS, before any flow r*rill occur. This is in eoncrasf,to a Newtdhian fluid where even a small. shear Blress ylill cause some flow.consid*r t'h* 6d'Ei.' of a pi"pel-lne eonnected tr: a vari"able speec pump. 1o;igh aden8e mineral purp rhe pr mp musL reach a cer[ain speed before the pre$sure is$uf;f,lelent to exceed thr; yierd stress. Berow that, speed the pump can curnfogr*ru" and nCI flora r-iill occun.
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fteturning Lo Fig. ?. At any part,icul_ar shear r:iLe, a.B. Y, , Lhere j-s a
corre$ponding shear sLress , E , and hence a cor,r.esponding ef feet,ive
vl"scosity, f, / t, .
Similarly at'i frigrrer shear,raLe, fz , Lhere is a corresponrlinq lowep
effecLive viscosity 1: Tu / 4. Thus as the shear rate ir:creases Lhe
effecti-ve viscosity deereases. Because fhe vi"scr:slt,y is not cCInsEant, but
depends on t,he nelevant shear rate iL is impossible Lo speak of a slu.ry
having a eer[ain viseosi[y. It is only corrrect to say a slurry hiLs ,1 cer[ainviseosity a-t g c-ertIln shgtr" f+tq, AlLer"nat,ively one cou1rl say it, has a
ceri'ain yield st,ress, {, , and a cerfain plast,ic viscosi[y, TN , where

7-? r'\- 
^-4r, =T='Tr-(4)

i.e. 4y ls t,he slope of the non-Newtanian line of Fig.2. Equation 4
relat,es to the Bingham plasti.c model .

Not,e that, at }ow shear rates [he effect,ive vistcosicy is large]y determined by
Ehe yield slress. AL very high shear raues the effecLive viscosiNy becomesessent,ially equal to the plast,ic viscosiLy.

FAOTORS AT'TECTING RHEOLOGY

Fig. 3 shows t,ypical rheograms for a leach t,ank slurry and a tailings.
Boch Lhe yield stress and ihe plastic viscosit,y show a sharp increase withsolids concenLration as can be saen in Fig. q.

Part'icle size also st,ronglv affect,s slurry rheology. Thus for the sarne oretype and t,he same solids concentrat,ion the slurry rheology is a sensj"t,ive
rneasure of the degree of grinding.

Slurries from dlfferent ore boclies can show markedly dlfferent, behaviour as isillust'reLed in Fis, l{. This reflecls the effecf of dj-fferent mineralogyr craycontent, water quality ete.

changes in th€ chemical environment tenc to change t,he yield stress, br,:t leaverhe pi-astlc viscosity nelaf,ively unehanged" Such things as FH, electrolyteconcenLration, flocculants and lhinners all aff'ecb the yieLd sLress. TheeffeeL can sometirnes hy dramatic. For examul* increasing t,he pt-l a few point,scan reduce [he yield st,ress by a factor of 10. Addition of froeculanlsincreases the yield stress. salL ln the waLer also generalry eauses aninsrease' Addit,ion of negat,ive ions sulch as poly phosphates decr"eases t,heyLeld stress' These chemical effect,s ere rnuch rnore pronouneed r"rit,h finenpart,ieles. Therefore the proport,ion of clay is signifieant, parf,icularly t,heswelllng montuori:lini[e (bentonite) elays.

r{ ErnEe[ 0!r 551gg1oey 0N pn0cHss srHps
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4; 1 qf,*ndili*

rt, has been known fQr 2a or 30 years n*w t,hatimporcani parameuer in d,.uermining grinding effectivenwas observed t,hat a cert,ain viscosi.iy rever was desirea[rributed to its role in coat,ing t,he balls with pulp.viscosiEy lever is exceeded milr -p*"ro"mance 
deereasesa fiuitb*rr of facbors such as:

viscosiuy is an
ess. Qual litaIively it
able and tfi.is Has

However onge a cert,ain
. This is at,t,ribuLed to



(a)

(b)

(c)

(d)

Laborat,ory scale tesus using high vlsct:si Iy Nevrtonian l iqui.d* ( e . g . 4lyceroI )
insiead of waEer indicaf,e mosL efficienL grindina occurs when Lhe viscosit"y is
around 100 to 300 mPas. (e.q,. C1arke and Kifkener, i968).

Vi-scosiLiee measured 1n aeLual ball rnills are cffen one or two orders of
magnitude larger Lhan this, buL t,his is.nainly e reflection of [he meuhod of
viscosiEy meesurement. Up until a few yeers aqo fhe slurry viscoslty was
usua)-1y measured usi"ng a Brocrkfield visc.:rieLet'. l'le:--rsuremenf involved
inserting a rotaLing spindl-e into a cCIntainer of slurry. hlhilsc t,his
inscrumenL does accura[ely measure the vi..scosiLy of a Newt,onlan fluid, wit,h a
non'-Newtonian fluld f,he measured viscosi[y on]y applies sL a certain shear
raLe whlch itself depends on t,he properLies of t,he fluid being rneasured. Thum
i[ is difficult to conpare lhre viscosicy resu]ts.

Reeent,ly 1t has been realized thaf thls non-Newtonian behaviour nnust be
considered. In particuLar the yield s|r*ss has been found to be cf key
importanee (e.g. Klimpel, 1984). Coal qrinCj"ng dafa of his indicates Lhe
production rate starls [o f,alI off rapidly r*hen the yie]d sLress exceeds 10 Lo
20 Fa. Typical go].d ore grindi-ng mitls operale somer,rhat below this at around
5 t,o 1Pa, In cement planf,s ball milts rypieally operate at 20 to l{0 Pa.

Varlsus chemical addltives have been proposed as qrinriing aids to improve
producLion. It is now realized [hat ihere dispersant,s aeL by reducinq the
yield sLness thereby allawinq operaf,ion af hiqher concent,rat,ion.

$

t
:l:

Increasing vlsct>siiy raill reduce the veloci[y of ii:e balls and Lhus
reduce bobh ttie enel"qy anci frequency r:f i"mpac[. 

!

lllith higher viscosiry more of the pulp is icarried up fhe ascentling
wall of the mill out of the zone of ball aclion.

,j

HiSh viscosity ltilt inhibit, the setIl inq retl!3 of t,he partieles [heneby
affecting t,he concenLraLicn of parti*le aEi ti're r^ralI.

Very hiqh viscosit,ies would aft'ecL ,nil.L Lhroughput simply by lirniting
the flow through bire mj"l}.

4.2 $q f egtipg

Any iricrease in visc*siLy decreases tire cilpacity of a scrsen,
Consider a typlcal 0.6mm trornrnel screen in a le:lch [ank. ?he pres$ure force
driving the slurry through the screen:rpertures i.s due Lo fhe s[&tic head of'
slurry , uypicali"y around 300mnn.

Fig 5a shows the cal,culated flow rate as a function r:f s).urry yield sLress fora irn diarneter x 2n long t,rommel screen assurning t,he holes represenL one Lhirdof thg are*, The actual flor+ rates will iiepend on screen detai1s, bu[ thegraph cioes indicat,e ilre bype of variat,i.on t,o be expecLed. Typically Leaeh
t'aiik siurfles have yleld sLres$es around 5 t.o 7 Pa. It, can be seen f,hat, adotrbling of the yield stress Lo around 12 Pa wr:ui,J reduce t.he f]ow rate fronraround a00 cub*m/hr [o around 60 cub.m/hr. Once lhe vield sures.s exceedsabaut EoFa nc slurry will flow through Lhe screrrn. In this case [he avai]ablestatic head is nof, sufficienc Lo overcosle t,he yielrl stpess.

. I . :1 ... j. ,,.r!....:t;i..L--.,,r..t ,..



As noLed earlier the relationshlp beLween yielrl
and eoncentnat,ion Cepends on a number of factl:rs
dat,a for a pariicular cre type [he curve of Fig
versus concenLraLior:. FCIr this par[ieular
concentratin is U5{". Increase in concenlrafion
througir the screen.

$

sLress ( and plasIic vi"scoslt y )
includinq ore type. tlsing

5a can be redrawn as flou,r rate
exannpl e aL ZS0cub , inlhr t,he
to 58'1, results in zero flor,r

tlt
si

s

?l

$i
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Itr section 3 it hles cxplained how atldi[j-on r:f Lhinners rerjuces t"he yield
stress bu[ has little ef fecu on the plasi,ir: viscosit,y. The screen flow
caLculations have been re-done withr [he assumpfion thaL ihe yield sbress is
reduced to zero by the addiLion cf a thinr:er, but fhe plastic viscoslt,y
remains t,he same. The new relationship between floi"l r"aLe and concenIrat,ion is
shown in Fig 5b. For 400 cub.rnlhr the al.Iornrabl"e ccncentraLion has increased
from 45fi to $4tr. The tonnage Lhroughput increases from about 135tph to around
180t,ph.

4. 3 C,y-e1_orles.

Hydroeyclones classify particles according ro [heir set,E,ling velocity.
The settling velocit,y depenris in turn on Lhe slurry vLscosity. The
performance of cyclones is rneasured in l,erms of Lhe dro r*hich is ,ieflined ag
the particle diameter which would reporL equal ly [o the overf]q,t* and t,he
underflow. Bradley ( 1965) reports Lhat dso is proporticnal t,o t'he gsquare raot
of viseosity. In the case of a slurry t,he relevanL viscosit,y is tl"r* effeefive
viscosif,y aL ihe shear rate in queslion (see Fiq 2.). In a cyelone t,he shenr
rates would be expected [o be qui[e i:igh and hence Lhe effective viscoslt,y
woulcl be expecbeci to be virt,ual Ly (iquiil Lc Lhc plas[ic viscosity" 0n this
basis che dso woulC be expected t,o vany as ihe square rooL of the plasbie
viscosity "

However, a recent study af, t,he WesLern Austral-ian Instit,ute of Techr:ology
f'ound that, f he dto was proporLional Lp t,he square rr:oL of the yield sf,ress "This could indicafe the shear raLes are noL as high as believe{i 

"Al[ernaLive]y it could be that, for Lhe slurry t,est,ed bot,h t,he yield sLress ar:d
t,he plast,ic viscosity increased a[ e similar rate vrith concent,rati.on increase.

4. l+ Thiekeners

The thickenlng of slurries is invr:l verj wi[h rheology. The yie]d
striirss of a slurry is basically a measure of Lhe el;,rs[ic strenqth of flocs.
These floes are ttFuffytt clusLers cf parficles uri-th water Cr.apped beLweecl Lhem.
They can occur naturally di,te f,CI [he atLract.ive forces tret,i^reen part j.c]-es, given
the ri8ht, elecLro*chemical environment. They can a lso be flormed ar"Lj_f iciail.yby long chain polyrner fl-ocau1anLs. Eit,her \.ray [ile pressnce r:f a yield sLressindlf,ates a f,loceulat,ed slurry, Because f lo*s are rnuch larger f,han [heindividual parbla j-es they set"ble much fast*:r'. Thus r+heneras unf locculauedr'ricron sized clay particles might only settle ai aboutr 3mm/hr flucculat,edma[erial might $et Lle 1 000 t, imes iaster, , 

,,

A dilute slurry entering a t,hickener mighL iniriefry set[l* freely unti] atrGneentratriQn is reaehed sush [hal [he flocs are p:rcked t,6geth*n in cont,actrt'tit'lt each o[her' Au this point the rat* of :ir:[[rinq ciecr*ases rnarkedly andfurrher consolidation [akes place i]"s a result, ol compression of the bsd offloes witir water being squeezed ouL from inside each froc. The weight of Lhe



fluid above t,he bed is supported by elasfic strength of fhe flol sLrueture. A

fi:easure of the strength of t,he struc[ure is fhe compressj.ve yiel"r1 sLr*ss"
This is about 1000 t,irnes Lhe shear yield stress r"ieasured in a vj.se*metsr..
llowever the Lwo yj-eld sEresses show a similar dependance on concentration so
thaN thickener perfomance can be related to Lhe shear yiel-d sf,ress. For'
example the yield sEress of the underflor,.r is relatecl amonq othen things f,o the
heighE of Lhe t,hickener.

A high floecul-ant addllion rate resulfs in bi flocs anC hence initiatly rapid
set,Lling. I{owever these biq flocs have a hiqher yii:ld sLress nneaning [ha[ for
a given height of thickener the underllow concenLration is 1ow. Thus Lhe raLe
of [hickening and the underflow concentrat,ion rnust be balanced against eech
other. Shearing acf,ion will fend to break [hese flocs and this is uhilieed in
scme high ra|e thickeners.

4"5 Agitatteg Tanks

The shear rate in agitaLed Lanks j"s relaiively low. This meens Lhe
effeeiive viscosity is stronqly dependan[ on the yietd sf,ress. Typical va].ues
of slurry yield stress in le.'*ch Lanks is in the range 3 fo 10 Pa.

For these slurries f,he power consumed by an aqiLacor is appr,oximately
pnoportional Eo viscosity to f,he one fifth Dcwer, which means in this ces€

0.2 (5)

in an agilated tank fhe cinculalion time is 3 useful parameLer'*rhi.ch has a
sfrong influence on L.he leaciring proeess. The circulation time is defined as
the average time required for a fluid elernenL to complet,e one circulabion
ar"ound the f,ank, In uhe reqion of interesL uri.t,h qol-ci slurries tb has been
f,ound that the circulaLion time is also Droporliona L to viscosity to ;:l"rout bhe
one fifth power i.e.

n)
(cj

This indicat,es t,hat, a rtoub)"inq ef the yield st,r.r:ss wi .|.1 resul t, in 1 3$ slower
leach time, oLher factors being equal.

4.6 Lurrnpllq

In gold processing plants most pipelines operaLe unrier furbuienf flovr
condiEi6ns. In t,hts case t,he pressu!"e gradient, is only weakly dependarrt, on
viseosit f , Ihe approxinnaLe rel-ationship is :

e power would rise 27y,.

power €( n $J#
i . e . If the yield $tress increases f norn 3 Lo 1tl P;-r th

q,

^P/L *< 1r,o''u (7 )

Thus a doubling of bhe plasri.c viseosi[y wiir in.,$u&* the pressu.e qr.adienfby ,:nly 1 1$. 
{



Hor"r*ver t,his cniy applies when t,he
as t,he slurry is made more viscous
turbulenf and become lanninar.

flo'ul is turbulen[. For a given llow rate,
Lhe fl"ovl will r*ventually cease Lo be

Fig 6 shows t,tre calcula[ed pressure loss cver'lkrn of 150mm pipfi for s]urries
of four different yielci stress values,7, 10, 15 and 20 Pa. Th* flar *urves
on the left hand sicle represent laminan fiow behaviour. Once a c*rtain
vel.oci[y is exceeded lhe flow becornes turhulenI in wt"rich case fhe 'pnessure
gradj-ene varies approxienafely as f,hsr sqllere cf iire velociLy'

Also shown on Fig 6 is a typical centrifuqai pu"mp curve. Consider a [ai.lings
having'a yieid sLress of 7Pa. At a Lvoical fl-t:',srale of 120 cuh.m/i:r in a

150nim pipe Fig 6 indicates a pressure of Ll 10 kPa under turbutr.r*nL fl"ow
conditions. trncreasing t,he yielcl stress lo 1OP:r h;:s only a sm;:Il effecI on

t,h* turbulent flow pressure qradienc r+ith the pump curve rlow inrersecLing at
112 cub.m/hr st Ll20kFa i.e. t,here is Iittl-c ef f ect, on the pumping.

liowever e furttrer inerease in yield stress Lo 15Pa has a dramaLic effect' The
plimp curve now inLersecLs [he larr,rinar flors curvil. As e i"esult. Lhere is a'oig
dr"op in flowra[e to ?0 cub.rnZnn-

A furcher increase in yield stress Lo 20Pa arill result in z,ero flow since Lhe
pump curve does not inf ersect the sysLem curve i. e. the punnp rlressure is not
suffieienL to exceed the yield stress of the slurry.
lt qg, Taillngs Disposal

Conventional t,aiiings disposal involves pumping a rei-a.lively rJilufe
slurry (yielql sfress around -1Pa) to a tailings Bond. AL thi-s yield sbress f,he
c,earser part,ic)-es segregale ouL near [he diseharge point and e si-oping beacht
j.s formed. The finer partieles will flow towar"ds bhe cenLre of Lhe pond"
Just as previously explained in regard [o a 0hickener, the seLtled
concentraulon of these fines depends on t,he equilibrium tretween [ha height of
t,he depostt and the yield sLress. Because the coarser fracLion has already
dropped CIuL Lhe rernaining fines have a lor^l concenlrafion fCIr'a given yield
stress. This rneans the se[tled concenfration tends to be low. Even if f,he
sr:rface is alLor^led io dry the j"nterior of ihe deposi-t remains moisf, fcr marl],
yeers. From an environrnenLal viewpoin[ fhese tailings ponds ars ncL ideal.

Ari alternative method of Iai"Ii"ngs disposal knt:wn as [he thj"ckened di"scharge
rneLho<J has reeentl"y been proposerl (fiobinsky, 1975). This involvas tlrickening
the slurry to higher densities than norrnal. The hiqher yield stress of t,h*
tiiickened siurry rnean$ that, [he coarser particles do noL seqreqate ouL a[
diseharge. Also being Lhieker, f,he slurry forms a natural slope, (i+hich
depends on fhe yielrl stress). Because t,he eoncenlrabion j-s high, rnintrna]
water drains out. The tailings deposit Eakes the forrn of a. ccne shaped hil-l
with a sLope cf arounci 5f,. 0n1y a sma].l perimet,er wall i"s required Lo conLain
any rainfaLtr run off and any lor* clensiuy off specifieation sl-urrj-es. The
nauUre of b,he deposit ls such that it dries cut aompletely and {'*rms a st,able
hill whieh ean be re*vegetated.

ftI'IEOI,OOY RELATIIONSHIP SETWEAN PROCESS S?EPS

The rheo}agy considered desirable in one process mey be det,rimenLal to
ancther proc.*ss. For example addition of a thinner may improve ball miIl.

i. i i,", r,.i ,, '$



production, but be detrimental- f,c t,hickener perlorrnance. This is be*ause a
lhinner essentially de-flocculates the slurry which is the opposiLe to whaf is
wanted in a t,ltickener. Similar comments apply Lo failings disposal where a
ciegree of floeeulation results in rapid setttinq.

riU

6" 1

MEA-$UREMEI,IT 0F RHE0LOGY

Laboratory Viscon:et,er

At a l-aborat.r:rv scale Lhe viscosity cf sli,rr-ries is usually measured in
e rof,at.ional viscometer. The slurry is shear"ed belween a roLa[ing bob and a
starlonary cup. The rneasured t,or"que on the bob is propor[ional Lo the shear
stress and t,he noLatlonal speed deLermines the shear rat,e.

An al[ernative method is fo force the slurry Lhrr:ugh a tube. The pressure
gradient is proportional !o t,he shear stress and the flow raLe determines the
shear rat,e. A tube viscometer tends Lo be less convenient aL the labor*Lory
scale.

5.2 0n-Llne Vlscometers

?he conLinuous on-line measurement of viscosity is not easily
;*ccomplished. A number of ro[alional [vpes have been built. These invc]-ve
t,atr<ing a subsirearn from Lhe rnain flow and passinq it t,hrough a conLainer in
whicn a bob is rotat,ed. The problern is that Lhe der,,ice musL be sensitive
encugh Lo mea$ure Lhe snall torques itrvolved, but at Lhe same tirne robust
enough [o t*ltltsuancl the rigours of a processinq plant. O[her problems are
seL!"Iement" of coarse particles and consequent: blockaqes.

Anoulrer approaeh is to measure thre drag shear force on a plate placed in the
slream. This is sensiiive to fl"ow veloclty and is subject. to r,Jear.

Inheran[ly the cilbe viscometer concep[ upp*".* more suibed lo on-line
vi-scosity measurement. The main requirement is [hat the f]-ow in the t,ube is
lanni.nar", not Lurbulent. In plants where vbry viscous slurnies are handled,
e.g. cernent plants, the fl,ow in lhe planc niping is laminar. In Lhis ease
,5e&surement of pressure gradient and f low rate in a sect ion of hor izontal pipe
wi"}} enable a meesure of the viscos j-ty. ?his utilizes Lwo robust, well proven
instrurnenis the maqnet,ic flow meter and bhe pressure t,ransmilter".

In gold planis the flow in process pipes is qencraliy [urbulenL. Larninar florol
can be obtained bry expanding th* pipe dianeter over & L<:st J-engrh or hry t,aking
a subsLream. Depending on Lhe specific application one of t,hese aporoaches
trill result in a robusL, dependable viscosiLy measurinq sysLem.

CONCLUSIOI{S

Slurry v:secsi[y is relevanL to nearLy every step in q*ld prCIcessing.
Alt,hough ofber: nsL measured iL does in fact dicLate the opt*rat,ing denstt:!-es innear'ly $vel-y sBsp. Fsn any one plant wit;h reasona'ol-y consbant ore Lype thevis*osify becmrnes sirnply dependanc on pul,p densify;tnd rnua*ureme*L ofl that,quantluy r+ill suffice. Hswever if the ore type varies significant,ly and/or ifmaximum praduct'ion is desired it may pay to monit,on viscosiLy direetly.
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Fig.1 Velocity profile in pipe
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